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[NAME OF DOCUMENT] Specification 

[TITLE OF THE INVENTION] 

Porous Polymer Particle, Alkali-Resistant Anion 
Exchanger, Producing Method Thereof, Column for Ion 
Chromatography, and Method for Measuring Anions 
[DETAILED DESCRIPTION OF THE INVENTION] 



[Technical Field to Which the Invention Belongs] 
The present invention relates to a porous polymer 
particle, an alkali-resistant anion exchanger, a producing 
method thereof, a packing material for a suppressor-system 
ion chromatography column, comprising the anion exchanger, 
a column for a suppressor-system ion chromatography, and a 
method for measuring anions using the column. 

More specifically, the present invention relates to a 
porous polymer particle capable of satisfactorily 
separating and analyzing inorganic ions such as fluoride 
ion, chloride ion, nitrite ion, bromide ion, nitrate ion, 
sulfate ion and phosphate ion, within a short period of 
time under an isocratic condition of using a hydroxide-type 
eluent at a constant concentration; an alkali-resistant 
anion exchanger for suppressor-system ion chromatography; a 
producing method thereof; a column for suppressor-system 
ion chromatography using the anion exchanger; a method for 
measuring anions using the column; and a measuring method 
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capable of satisfactorily separating and analyzing halogen 
oxide ions such as chlorite ion, chlorate ion and bromate 
ion, simultaneously with other inorganic ions (e.g., 
fluoride ion, chloride ion, nitrite ion, bromide ion, 
nitrate ion, sulfate ion, phosphate ion) within a short 
period of time. 
[0002] 

j.i. [Background Art] 

n 

j-j In the inspection or analysis of water quality or in 



IV 
IV 
IV 



the analysis of food, the matter of importance is the 
analysis of seven kinds of ions, that is, fluoride ion (F"), 
chloride ion (CI"), nitrite ion (NO/), bromide ion (Br"), 



nitrate ion (N0 3 "), sulfate ion (S0 4 2 ~) and phosphate ion 



IV 

S 

13 inorganic ions". In recent years, ion chromatography is 



(P0 4 J ~ ). These ions are called "seven kinds of standard 



being used as efficient and high-precision/high-sensitive 
means for analyzing inorganic anions including these seven 
kinds of standard inorganic ions. 
[0003] 

In the ion chromatography, a sample containing an ion 
species is injected into an ion exchange column while 
feeding an eluent into the column and the ions (kind, 
amount) separated and eluted from the column with a time 
gap due to the difference in the retention time are 
detected by a high-sensitivity detector such as electrical 



- 2 - 



conductivity detector. The ion chromatography includes M a 
suppressor system- using a suppressor and "a non-suppressor 
system" using no suppressor. The suppressor is an apparatus 
of displacing a cation in a liquid by a hydrogen ion. As 
shown in Fig. 1, the suppressor is connected between the 
separation column and the detector and at the time of 
detecting ions by an electrical conductivity detector, 
undertakes an action to decrease the electrical 
conductivity of the background and thereby increase the 
measurement sensitivity. 
[0004] 

More specifically, in "the suppressor system" , a mixed 
solution of sodium carbonate and sodium hydrogencarbonate, 



I- 
13 
□ 

nj 
ia 

iu 

m 

1.1 
IU 

\* a boric acid buffer, an aqueous sodium hydroxide solution, 

□ an aqueous potassium hydroxide solution or the like is 

|.i 

passed through as the eluent to separate the sample ion in 
the separation column and thereafter the ion separated is 
detected by an electrical conductivity detector through a 
suppressor. By designating the electrically conductivity of 
the eluent itself as the electrical conductivity of the 
background, the electrical conductivity measured by the 
detector is recognized as a signal superposed by the 
contribution of the ion species in the sample. The 
suppressor converts a salt or a base in the eluent to an 
acid having a lower degree of dissociation, whereby the 
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electrical conductivity of the background is reduced and 
the measurement sensitivity of signals by the ion species 
in the sample is improved. 

The suppressor system requires an exclusive apparatus 
as compared with the non-suppressor system but since high 
sensitivity can be attained, this system is indispensable 
for the control of pure water, chemicals and the like used 
in the semiconductor art. 
[0005] 

The anion exchanger heretofore predominantly used for 
the suppressor-system column includes a pellicular-type ion 
exchanger obtained by sulfonating a styrene/divinylbenzene- 
type substrate and coating an anion exchangeable latex 
I* 1 thereon, and a porous chemical bond-type ion exchanger 

»n 

□ obtained by introducing an anion exchange group into a 

polyvinyl alcohol substrate. 
[0006] 

The pellicular-type ion exchanger restricts the 
migration of ions only to the surface of the packing and 
does not allow their entering into pores, therefore, this 
ion exchanger is advantageous in that (1) the diffusion is 
almost prevented from occurring and (2) the ion does not 
interfere with the substrate. However, on the other hand, 
this ion exchanger is disadvantageous in that the usable 
surface area of the packing is limited in view of the 
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structure and therefore, the column efficiency is limited. 

For / elevating the column efficiency of the pellicular-type 

ion exchanger, it is necessary to increase the column 

length or to reduce the particle size of the packing. 

However, the column used at present already has a large 

length of 250 mm and more increase of the column length is 

not practical. Although reduction in the particle size may 

1-i be thought, even a packing having a particle size of about 

O 

O 5 \ua which is commonly used in the high-performance liquid 

RJ 

|«k chromatography, is very difficult to manufacture due to 

W 

\] limitation in view of the structure. Therefore, the 

pellicular-type ion exchanger cannot satisfy the 
requirement to have higher performance than the current 
theoretical plate number of 6,000 plates /column. 
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On the other hand, the porous chemical bond-type ion 
exchanger is excellent in the effective surface area of the 
packing because the ion migrates into pores to undertake 
the ion exchange, therefore, this ion exchanger has a 
possibility of achieving higher performance than the 
pellicular-type ion exchanger using a styrene/divinyl- 
benzene-type copolymer substrate. The present inventors 
have proposed a porous chemical bond-type ion exchanger 
originated in a polyvinyl alcohol substrate having a 
sufficiently high alkali resistance even under the alkali 
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conditions in the analysis of anions by the suppressor 
system, and a production method thereof (see, JP-A-2001- 
40032 , the term "JP-A M as used herein means an "unexamined 
published Japanese patent application"). In the analysis 
using a column packed with this anion exchanger, excellent 
properties can be advantageously obtained, for example, a 
higher theoretical plate number can be obtained, and the 
Ij, position where a carbonate dip (in the analysis of anions 

n 

i"j using ion chromatography, carbon dioxide gas contained in 

j]^ the sample is also detected as carbonate ion; the carbonate 

ion peak is here called a carbonate dip) appears can be 

,1J controlled. 

ii 

[J [0008] 

I*t In the analysis of anions by ion chromatography, it is 

O usually ideal to separate seven kinds of standard inorganic 

anions in good balance within an analysis time as short as 
possible. However, fluoride ion is difficult to hold in the 
anion exchanger of the separating column and swiftly passes 
through the column. As the result, a signal peak of 
fluoride ion and a water dip (a negative peak caused by the 
dilution of eluent when the sample is injected) cannot be 
sufficiently separated and the precision of determination 
is readily impaired. 

It may be thought to use an eluent having weak elution 
strength so as to elevate the retention of fluoride ion, 
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however , in this case, the time necessary for the elution 

of divalent or greater valano* anions (iulf«t« ion and 
phosphate ion) becomes very long and this incurs redundancy 
in the analysis time. This problem is particularly serious 
when the eluent Is alkaline* To overcome this problem, the 
analysis conditions must be designed so that fluoride ion 
and divalent or greater valence anions can be 
(.i, simultaneously analyzed. 

a [° 009 i 
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Accordingly, a method for overcoming the above- 
described problems by optimizing the eluent composition is 
being studied. For example, in the non-suppressor system , a 
method of adding a boric acid to a weakly acidic moving 
phase, selectively reacting the boric acid and a fluoride 



III 

•0 

O ion to produce an anionic compound and thereby elevating 



the retention is disclosed (see, JP-B-7-37972 , the term 
"JP-B" as used herein means an "examined Japanese patent 
publication"). In the suppressor system, it is known that 
when the eluent used is a mixed solution of sodium 
carbonate and sodium hydrogencarbonate, the retention of 
fluoride ion can be elevated by changing the compositional 
ratio therebetween. Furthermore, in the suppressor system, 
a method of adding a salt compound of boric acid to the 
eluent is disclosed (see, JP-A-2000-180429 ) • As such, when 
the eluent can be composed of a plurality of components, 
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the problems can be overcome by changing the composition of 
the eluent. 
[0010] 

However, a hydroxide- type eluent used as the eluent 
for the suppressor system, such as aqueous sodium hydroxide 
solution and aqueous potassium hydroxide solution, usually 
comprises a single component and therefore, the problem 
I- 1 cannot be overcome by the eluent. Accordingly, in the 

13 measurement by the suppressor system using an alkaline 

I- 1 eluent, special means must be used for achieving both the 

<-i improvement in retention of fluoride ion and the reduction 

in elution time of divalent or greater valence anions 
|5 (particularly phosphate ion out of the seven kinds of 

if j standard inorganic anions ) . 

\", The methods heretofore employed are classified into 

two groups. One is a gradient analysis method of using an 
eluent graded in the concentration, and the other is a 
method of setting the ion exchanger packed into the column 
to a large ion exchange capacity and using an eluent in a 
high concentration of about 40 mM. 
[0011] 

The first method has a problem in that at least two 
kinds of solutions different in the concentration must be 
prepared so as to impart a concentration gradient, an 
apparatus and an operation for absorbing and mixing these 
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solutions using two pumps are required, and a stabilization 
time for returning the eluent to the original concentration 
every each measurement is necessary. On the other hand, the 
second method has a problem in that since the eluent 
concentration is high, a high voltage must be applied for 
electrodialysis in the suppressor equipment using a 
continuous regeneration-type ion exchange membrane, which 
is being widely used at present, and this shortens the 
lifetime of the suppressor. 
[0012] 

At the time of analyzing tap water by the suppressor 
system using a hydroxide- type eluent, it is necessary not 
only to attain both the improvement in the retention of the 
fluoride ion and the reduction in the elution time of 
phosphate ion but also to attain satisfactory separation of 
chloride ion and nitrite ion at the same time* This is 
because in the analysis of tap water, several ppb of 
nitrite ion must be analyzed in the presence of tens of ppm 
of chloride ion. In conventional columns used for a 
hydroxide-type eluent, the separation of chloride ion and 
nitrite ion is not satisfied and even if satisfied, since 
carbonate ion elutes therebetween, the trace nitrite ion 
cannot be analyzed at the same time. 
[0013] 

The present inventors have previously proposed a 



production method for anion exchangers which are obtained 
by introducing a tertiary heterocyclic amine into an 
acrylate- or methacrylate-type polymer through a spacer 
molecule, and a column packed with this anion exchanger 
( JP-A-2000-221179) . However, the matters proposed are a 
column for a non-suppressor system ion chromatography which 
uses an acidic eluent, and a method for producing a packing 
* material for the column, and this is not used for measuring 

anions as a column for suppressor-system ion chromatography 



i-fc using an alkaline eluent. 

ili 

Recently, as the facility for advanced water 
purification increases, the analysis of halogen oxides such 
flj as bromate ion, chlorite ion and chlorate ion is keenly 



demanded in addition to the analysis of inorganic anions 
conventionally performed in the analysis of water supply. 
[0014] 

For use in the suppressor-system column for the 
analysis of these halogen oxide ions, IonPac AS9-HC, IonPac 
AS9-SC and IonPac AS12A are already available from Dionex 
Corporation. However, in these column packing materials, a 
styrene/divinylbenzene-type copolymer is used as a 
substrate and a quaternary alkylamine is introduced as an 
anion exchange group. 
[0015] 

On the other hand, conventionally known suppressor- 
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system columns packed with a porous chemical bond-type ion 
exchanger comprising a polyvinyl alcohol-type substrate 
having introduced thereinto an anion exchange group cannot 
separate and analyze bromide ion, chlorite ion and chlorate 
ion simultaneously with seven kinds of standard inorganic 
anions, namely, fluoride ion, chloride ion, nitrite ion, 
bromide ion, nitrate ion, sulfate ion and phosphate ion. In 
the present invention, the separation degree R as an index 

n 

q for separation is determined according the following 

j]t formula. Heretofore, the separation degree R of chlorite 

HJ 

IV 



Li 



ion and bromate ion, and the separation degree R of 

chlorate ion and bromide ion cannot be made 1.5 or more at 

the same time (in general, the separation degree R is 
preferably 1.5 or more). 



I1J 
I- 

O [0016] 



[Eq. 1] 

R =2x(t 2 -t 1 )/(w 1 +w 2 ) 
wherein w l and w 2 represent respective peak widths f and t x 
and t 2 represent respective retention times. 
[0017] 

[Problems to be Solved by the Invention] 
The present invention has been made under these 
circumstances and the object of the present invention is to 
provide an anion exchanger for ion chromatography column, 
wherein in a suppressor-system ion chromatography using a 
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hydroxide-type eluent, an eluent of low concentration (for 
example, 20 mM or less) can be used, the gradient analysis 
cannot be relied on (that is, an isocratic condition at a 
constant concentration can be used), the elution time of 
phosphate ion can be shortened to the time period on the 
order of a dozen of minutes to tens of minutes, fluoride 
ion which is difficult to hold can be satisfactorily 
separated from a water dip, and at the same time, chloride 
ion and nitrite ion can be satisfactorily separated. The 
object of the present invention includes providing a 
production method of the anion exchanger, a packing 
material for a suppressor-system ion chromatography column 
using the anion exchanger, a column for ion chromatography, 
a method for inexpensively and precisely measuring anions 
using the column, and a measuring method capable of 
separating and analyzing halogen oxide ions such as bromate 
ion, chlorite ion and chlorate ion simultaneously with 
seven kinds of standard inorganic anions, that is, fluoride 
ion, chloride ion, nitrite ion, bromide ion, nitrate ion r 
sulfate ion and phosphate ion. 
[0018] 

[Means to Solve the Problems] 

As a result of extensive investigations to attain the 
above-described objects, the present inventors have found 
that by using a column packed with an alkali-resistant 



anion exchanger comprising a porous polymer having a 

structure such that a nitrogen-containing heterocyclic 
group containing a quaternary ammonium structure is bonded 
to the alkali-resistant polymer substrate through a spacer, 
seven kinds of standard inorganic anions can be 
satisfactorily separated without relying on the gradient 
analysis in the suppressor-system ion chromatography using 
a hydroxide-type eluent and also that bromate ion, chlorite 

a 

£} ion and chlorate ion can be separated and analyzed 

jgi simultaneously with seven kinds of standard inorganic 

\\ anions, namely, fluoride ion, chloride ion, nitrite ion, 

^ bromide ion, nitrate ion, sulfate ion and phosphate ion. 

The present invention has been accomplished based on these 
^ findings, 
p [0019] 

That is, the present invention relates to a porous 
polymer particle, an alkali-resistant anion exchanger, a 
producing method thereof, a packing material for a 
suppressor-system ion chromatography column comprising the 
anion exchanger, a column for suppressor-system ion 
chromatography, and a method for measuring anions using the 
column. 

[0020] 

1. A porous polymer particle comprising an alkali- 
resistant polymer substrate having bonded thereto through a 
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spacer a nitrogen-containing heterocyclic group containing 
a quaternary ammonium structure. 

2. The porous polymer particle as described in 1 
above, wherein the nitrogen-containing heterocyclic group 
containing a quaternary ammonium structure is derived from 
an aromatic or non-aromatic heterocyclic compound. 

3 . The porous polymer particle as described in 2 
above, wherein the nitrogen-containing heterocyclic 
compound is a compound selected from the group consisting 
of a pyridine compound represented by formula (1): 

[Chem. 1] 




(wherein R represents an alkyl or alkoxy group having from 
1 to 5 carbon atoms, which may be substituted by a hydroxyl 
group or a halogen atom, or a halogen atom, m represents an 
integer of 0 to 5, and when m is 2 or more, the plurality 
of R may be the same or different), a 1-alkylpyrrolidine 
compound represented by formula (2): 
[Chem. 2] 

R 

(wherein R represents an alkyl group having from 1 to 5 
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carbon atoms, which may be substituted by a hydroxyl group 
or a halogen atom, R l represents a hydroxyl group or an 
alkyl or alkoxy group having from 1 to 5 carbon atoms, 
which may be substituted by a hydroxyl group, and n 
represents an integer of 0 to 2), 1-alkylpiperidine 
represented by formula (3): 
[Chem. 3] 



I 



(3) 



(wherein R represents an alkyl group having from 1 to 5 
carbon atoms, which may be substituted by a hydroxyl group 



or a halogen atom, 



represents a hydroxyl group or an 



alkyl or alkoxy group having from 1 to 5 carbon atoms, 
which may be substituted by a hydroxyl group, and n 
represents an integer of 0 to 2), and 1 , 4-dialkylpiperazine 
represented by formula (4): 
[Chem. 4] 



•N 



N — R 



(4) 



(wherein R 2 and R 3 may be the same or different and each 
independently represents a hydrogen atom or an alkyl group 
having from 1 to 5 carbon atoms, which may be substituted 
by a hydroxyl group or a halogen atom, provided that R 2 and 
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R J are not a hydrogen atom at the same time). 

4. The porous polymer particle as described in 3 

above , wherein the nitrogen-containing heterocyclic 

compound is pyridine, 2-methylpyridine, 3 -methy lpyr idine, 

4-methylpyridine, 2-hydroxy-4-methylpyridine / 2-hydroxy-6- 

methy lpyr idine , 2 -hydroxypyr idine , 3 -hydroxypyr idine , 4 - 

hydroxypyr idine , 1 -methy lpyrrol idine , 1 -ethy lpyrrol idine , 

i-J. 1 -methy lpiper idine, 1 -ethy lpiper idine, l-(2- 

13 

CJ hydroxyethy 1 ) piper idine , 1 - ( hydroxymet hy 1 ) piper idine , 1 - ( 2 - 

m 

|.t hydroxyethy lpyrrol idine, 2- ( 2 -hydroxy ethyl ) -1- 

!]j methy lpyrrol idine , 3 -hydroxy- 1 -methylpiper idine , 4 -hydroxy - 

|^ 1 -methylpiper idine, 4 -chloro-1 -methylpiper idine, 1- ( 2- 

n j chloroethy 1 ) piper idine , 1 - ( 2 -chloroethy 1 ) pyrrol idine , 1 - 

.jj methylpiperazine, 1-ethylpiperazme or 1,4- 

l"* d imet hy lp iper a z me . 

5, The porous polymer particle as described in any 
one of 1 to 4 above, wherein the substrate of the porous 
polymer particle is selected from a polyvinyl alcohol-type 
copolymer and a styrene/divinylbenzene-type copolymer , the 
spacer molecule connecting the substrate and the anion 
exchange group is a compound containing a glycidyl group, 
and the polymer is bonded to the spacer molecule through a 
bond incapable of cleaving under alkali conditions. 

6. The porous polymer particle as described in any 
one of 1 to 5 above, wherein the average particle size is 1 
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to 30 (im. 

7. Thm porous polymer partial* mm d«ioribtd in any 

one of 1 to 6 above , wherein the average pore si2e is 50 to 
300 A, 

8. An alkali-resistant anion exchanger comprising 
porous polymer particles described in any one of 1 to 7 
above . 

j« 9. A method for producing an alkali-resistant anion 

a 

O exchanger , comprising bonding a spacer molecule containing 

III 

I-* a glycidyl group to an alkali-resistant polymer porous 

I1J 

\j particle selected from a polyvinyl alcohol-type copolymer 

IV 

,. and a styrene/divinylbenzene-type copolymer through a bond 

incapable of cleaving under alkali conditions, and reacting 
the glycidyl group with a nitrogen-containing heterocyclic 
group to introduce an anion exchange group. 

10. The method for producing an alkali-resistant 
anion exchanger as described in 9 above, wherein the 
nitrogen-containing heterocyclic compound is selected from 
the nitrogen-containing heterocyclic groups described in 2 
or 3 above. 

11. The method for producing an alkali-resistant 
anion exchanger as described in 10 above, wherein a 
compound containing two or more glycidyl groups within the 
molecule is reacted with a polyvinyl alcohol-type copolymer 
obtained by saponifying and thereby partially converting a 
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copolymer of a carboxylic acid vinyl ester and an 
isocyanurate-type crosslinking monomer into a hydroxyl 
group, to introduce a glycidyl group-containing group such 
that the mass thereof after the reaction becomes from 103 
to 140 assuming that the mass of the polyvinyl alcohol-type 
copolymer is 100 , and the reaction product is reacted with 
a nitrogen-containing heterocyclic group. 

12. The method for producing an alkali-resistant 
anion exchanger as described in 11 above, wherein the 
P saponification of the polyvinyl alcohol-type polymer is 

performed until from 0.5 to 5 meq/g of hydroxyl group is 

W 

produced in the polymer. 

ii 

I- 5, 13. A packing material for a suppressor-system ion 

IV 

\* chromatography column, comprising the anion exchanger 

*0 

O described in 8 above. 

14. A column for suppressor-system ion chromatography, 
which is packed with the alkali-resistant anion exchanger 
described in 8 above. 

15. A method for measuring anions by suppressor- 
system ion chromatography, comprising using the column 
described in 14 above in combination with an alkaline 
eluent . 

16. The method for measuring anions as described in 
15 above, wherein the alkaline eluent is a hydroxide eluent. 

17. The method for measuring anions as described in 
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16 above, wherein the hydroxide-type eluent as the alkaline 
eluent is used under an isocratic condition at a 
concentration of 20 mM or less. 

18. The method for measuring anions as described in 
any one of 15 to 17 above, which is used for the 
measurement of halogen oxide ion. 

19, A method for measuring anions by non-suppressor 

system ion chromatography, comprising using a column packed 

0 with the anion exchanger described in 8 above for the 

□ 

HJ measurement of halogen oxide ion. 

\* 

HJ 20 The method for measuring anions as described in 

\i 

IV 18 or 19 above, wherein the halogen oxide ion is chlorite 

i) 

ion, chlorate ion and/or bromate ion. 

IV* 

j.t 21. The method for measuring anions as described in 

O any one of 16 to 20 above, wherein the halogen oxide ion is 

'" l measured simultaneously with anions selected from the group 

consisting of fluoride ion, chloride ion, nitrite ion, 
bromide ion, nitrate ion, sulfate ion and phosphate ion. 

22. The method for measuring anions as described in 
any one of 18 to 21 above, wherein the separation degree of 
chlorite ion and bromate ion, and the separation degree of 
chlorate ion and bromide ion are 1.5 or more. 
[0021] 

[Mode for Carrying Out the Invention] 

The present invention is described in detail below. 
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(A) Compound containing nitrogen-containing heterocyclic 
group 

For the starting material of a nitrogen-containing 
heterocyclic group containing a quaternary ammonium 
structure, an aromatic or non-aromatic nitrogen-containing 
heterocyclic compound is used. Insofar as the obtained ion 
exchanger can function as an anion exchanger, the compound 
may further have a substituent on the carbon constituting 
the ring. 

Examples of the aromatic nitrogen-containing 
heterocyclic compound include a (substituted) pyridine 
compound represented by the following formula (1): 

[0022 ] 

[Chem. 5] 




wherein R represents an alkyl or alkoxy group having from 1 
to 5 carbon atoms, which may be substituted by a hydroxyl 
group or a halogen atom, or a halogen atom, m represents an 
integer of 0 to 5, and when m is 2 or more, the plurality 
of R may be the same or different. 

Examples of the non-aromatic nitrogen-containing 
heterocyclic compound include a l-( substituted) alky 1- 
pyrrolidine compound represented by the following formula 



(2), a l-( substituted )alkylpiperidine compound represented 
by formula (3) and a l,4-di( substituted )alkylpiperazine 
compound represented by formula (4). 

[0023] 
[Chem. 6] 



R 




O [0024] 

IV 

M wherein R represents an alkyl group having from 1 to 5 
IU 

vi carbon atoms, which may be substituted by a hydroxyl group 

„ or a halogen atom, R represents a hydroxyl group or an 

IU alkyl or alkoxy group having from 1 to 5 carbon atoms, 

job 

which may be substituted by a hydroxyl group, and n 
represents an integer of 0 to 2 ; 
[0025] 
[Chem. 7] 



R 
I 




[0026] 

wherein R represents an alkyl group having from 1 to 5 
carbon atoms, which may be substituted by a hydroxyl group 
or a halogen atom, R 1 represents a hydroxyl group or an 



- 21 - 



o 
a 
nj 

f» 
m 

is 



alkyl or alkoxy group having from 1 to 5 carbon atoms, 
which may be substituted by a hydroxyl group, and p 
represents an integer of 0 to 2; 
[Chem. 8] 




R N N R (4) 



[0027] 

wherein R 2 and R 3 may be the same or different and each 
represents a hydrogen atom or an alkyl group having from 1 
to 5 carbon atoms, which may be substituted by a hydroxyl 
group or a halogen atom, provided that R 2 and R 3 are not a 
hydrogen atom at the same time). 
HJ [0028] 

Specific examples of the aromatic nitrogen-containing 
1« heterocyclic compound include pyridine, 2-methylpyridine, 

3 -methy lpyr idine , 4 -methy lpy r idine , 2 -hydroxy-4 - 

methylpyridine, 2-hydroxy-6-methy lpyr idine, 2 -hydroxy- 
pyridine, 3-hydroxypyridine and 4-hydroxypyr idine. 

The nitrogen-containing heterocyclic ring of the non- 
aromatic nitrogen-containing heterocyclic compound can 
contain organochemically allowable oxygen or sulfur in 
place of carbon. Examples thereof include a compound 
represented by formula (5): 
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m 



a compound represented by formula ( 7 ) : 
[Chem. 11] 
R 



§ L ^ (Rl)p 

j-i o 

and a compound represented by formula (8): 
[Chem. 11] 
R 
N 



(5) 



I Chem- 9] 

t 

o 1 

a compound represented by formula (6): 
[Chem. 10] 
R 

ru s 



(7) 



(8) 



(wherein R, R l , n and p have the same meanings as above). 
[0029] 

Specific examples of the non-aromatic nitrogen 

containing heterocyclic compound include 1 
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methylpyrrol idine , 1 -ethy lpy rrol idine , 1 -methy lpiper idine , 

1 - ethy lpiper idine , 1 - ( 2 -hydroxyethy 1 ) piper idine , 1 - 
( hydroxymethyl ) piper idine, 1- ( 2 -hydroxy et hy 1 ) pyrrol idine, 

2 - ( 2 -hydroxyethy 1 ) - 1 -methylpyrrol idine , 3 -hydroxy- 1 - 
methy Ipiper idine , 4 -hydroxy- 1 -methy lpiper idine , 4 -chloro- 1 - 
met hylpiper idine , 1 - ( 2 -chloroethy 1 ) piper idine , 1 - ( 2 - 
chloroethy 1 ) pyrrol idine , 1 -met hy lpiperaz ine , 1 - 

j h ethy lpiperaz ine , l-methyl-2- ( hydroxy et hy 1 )morphol ine and 

|l* 1 , 4 -dimethy lpiperaz ine. 

jj [0030] 

\M (B v Anion exchanger and production method thereof 

i!J The amount of the anion exchange group introduced is 

I: 

I"* preferably from 4 to 200 ^eq/g, more preferably from 8 to 

l* k 50 fjieq/g. 

□ The form of the packing material manufactured by 

u 

introducing the ion exchange group includes an alkali- 
resistant porous chemical bond-type ion exchanger and a 
pellicular-type ion exchanger, 
[0031] 

(1) Porous chemical bond-type ion exchanger 

in the porous chemical bond-type ion exchanger which 
is preferably used in the present invention, the above- 
described nitrogen-containing heterocyclic compound is 
bonded to an alkali-resistant polymer through a spacer to 
produce an ion exchange group- 
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[0032] 

A porous polymer used as a substrate of the porous 
chemical bond-type ion exchanger is not particularly 
limited insofar as the polymer has resistance against 
alkali. Examples of the polymer include a polyvinyl 
alcohol-type copolymer and a styrene/divinylbenzene-type 
copolymer. 

A spacer molecule having a group capable of bonding to 
O a tertiary heterocyclic amine compound is bonded to this 

J*J alkali-resistant porous polymer and further , a tertiary 

ID heterocyclic amine compound is reacted therewith to produce 

W an amine exchange group. 

I! 

I- 1 [0033] 

iU 

!*i The spacer molecule provides an intervention of 

13 multiple atoms, usually 3 to 20 atoms, between the 

substrate surface and the ion exchange group. The spacer 
molecule is bonded to the alkali-resistant porous polymer 
at one end and to the ion exchange group at the another end, 
as a result, this molecule acts as a spacer for elongating 
the distance between the substrate and the ion exchange 
group, and has a function of preventing the ion and the 
substrate from interfering with each other and also 
preventing diffusion of peaks. 

The spacer molecule is preferably a compound 
containing a glycidyl group which bonds to a tertiary 
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heterocyclic amine compound. Specific examples thereof 

include epichlorohydrin, 1,4-butanediol diglycidyl ether, 
ethylene glycol diglycidyl ether and glycerol glycidyl 
ether • 

[0034] 

(2) Production method of porous chemical bond-type ion 
exchanger. 

j A The bond between the spacer molecule and the alkali- 

es 

resistant porous polymer may be any insofar as the bond is 
J]jj not cleaved under the pH condition used for the analysis of 

! s j anions . 

fl* The production method is not particularly limited, 

however, for example, the porous chemical bond-type ion 
1^ exchanger can be produced by a method of incorporating an 

□ ester bond into an alkali-resistant porous polymer, 

saponifying and thereby converting it into a hydroxy 1 group, 
and reacting the polymer with a diglycidyl compound 
containing two or more diglycidyl groups as a spacer 
molecule within the same molecule. As one example, the case 
where 1-methylpiperidine is introduced into the hydroxy 1 
group of the substrate through the spacer 1,4-butanediol 
diglycidyl ether is schematically shown below. 
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[Chem. 13] 




OH 



Hj H 2 H 2 H 2 
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The production method is described in greater detail 
by referring to an alkali-resistant polyvinyl alcohol-type 
copolymer as an example. A copolymer of a carboxylic acid 
vinyl ester and a crosslinkable monomer having an 
isocyanurate ring are saponified and thereby the ester 
groups of the copolymer are partially converted into a 
hydroxyl group. By this conversion, the substrate is 
elevated in the hydrophilicity and prevented from the 
interference with ion. At the same time, the hydroxyl group 
works out to an active site necessary for the reaction with 
a spacer molecule. With this copolymer, a compound 
containing two or more glycidyl groups within the same 
molecule, such as 1 , 4-butanediol diglycidyl ether is 
reacted. 



For satisfactorily introducing the glycidyl group- 
containing group which is reacted with a tertiary 
heterocyclic amine, the saponification is preferably 
performed such that the hydroxyl group is present in an 



[0037] 
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amount of at least 0.5 meq/g to 5 meq/g r preferably from 
1.0 to 3 meq/g. If the amount of the hydroxyl group is less 
than 0.5 meq/g, the glycidyl group-containing group cannot 
be introduced in a sufficiently large amount , whereas if it 
exceeds 5 meq/g, the substrate decreases in the strength 
and this disadvantageously makes it difficult to improve 
the performance of the column by reducing the particle size 
of the substrate. 



§ [0038] 



The amount of the hydroxyl group is determined by 
reacting a hydroxyl group with an acetic anhydride and 
measuring the amount of the acetic anhydride consumed or 
the change in the weight after the reaction. At this time, 

i" L in the case where the functional group of the substrate 

•0 

O also reacts, the functional group is protected and then, 

|.i 

the amount of the hydroxyl group is determined by the 
above-described method. The amount of the hydroxyl group at 
the time of reacting 1 g of dry substrate with 1 mmol of 
acetic anhydride is defined as 1 mmol/g. 
[0039] 

The carboxylic acid vinyl ester which is preferably 
used in this method is a compound having one or more 
polymer izable carboxylic acid vinyl ester group. Examples 
thereof include vinyl acetate, vinyl propionate, vinyl 
butyrate, vinyl valerate and vinyl pivalate. These are used 



- 28 - 



individually or in combination of two or more thereof. 
Among these, preferred are vinyl acetate and vinyl 
propionate which are hydrophilic and facilitated in the 
polymerization and saponification. 
[0040] 

Suitable examples of the isocyanurate-type 
crosslinking monomer include cross-linking monomers having 
an isocyanurate ring represented by the following formula: 



o 



|j* [Chem. 14] 

vj N N 



? R 6 

;§ [oo4i] 

' sk (wherein R 4 , R s and R 6 each independently represents 

-CH 2 CH=CH 2 , -CH 2 -CsCH or -CH 2 -C ( CH 3 ) =CH 2 ) . Among these, 
triallyl cyanurate where R* , R 5 and R 6 all are -CH 2 CH=CH 2 is 
preferred as a crosslinking agent because of its good 
copolymerizability with vinyl acetate and high stability 
against the saponification. 
[0042] 

The increase in the mass after the glycidyl compound 
reaction is from 103 to 140 assuming that the mass of the 
polyvinyl alcohol-type copolymer is 100. If the increase in 
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the mass is less than 103, the resistance against alkali is 
not sufficiently high and this is not preferred, whereas if 
the increase in the mass exceeds 140, soft particles or 
occurrence of association among particles may 
disadvantageously result. The increase in the mass is 
preferably from 104 to 135, more preferably from 105 to 125. 
[0043] 

t-J Tne an ion exchanger obtained by the above-described 

O method is a porous particle. The pore size of the porous 

J** particle is from 50 to 300 A, preferably from 50 to 150 A, 

M more preferably from 50 to 100 A. If the pore size is less 

iv 

than 50 A, the glycidyl group-containing group cannot be 

RJ introduced into the inside of pores and this is not 

j.i 

43 preferred, whereas if it exceeds 300 A, the strength of the 

1*3 

particle disadvantageously decreases. The pore size is 
controlled by a method commonly used for the packing 
material used in high-performance liquid chromatography. 
[0044] 

The pore size may be determined by the reverse size 
exclusion method or BET (Brunauer-Emmett-Teller ) method 
described in ,t rhr^Hnar. . 387, 65 (1987), however, in 
the present invention, unless otherwise indicated, the 
average pore size is determined according to the method 
described in CM*m . ini-. Brt. Rnal . . 17 . 901-908 (1978). 
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[0045] 

In the measurement , particles to be measured are 
filled in the column, the column is connected with an HPLC 
apparatus, THF is flown as an eluent, and the retention 
capacity is measured for a plurality of standard 
polystyrenes and benzenes having a molecular weight over a 
wide range. The results obtained are plotted on a graph 
where the molecular weight M (logarithmic scale is 

j.i 

'? preferred because of easy viewing) and the retention 

capacity (mL) are graduated on the axis Y and the axis X, 
IU respectively. The curve drawn by smoothly connecting the 

IV thus-plotted points is called a calibration curve. From the 

I- 1 calibration curve, exclusion limit points (V lf are 

!V 

K determined by an ordinary method and using these points and 

□ the measuring point (V 2/ 78) of benzene, a straight line 



I* 



X=(V 1 +V 2 )/2 is drawn on the graph. On the coordinate Y, 1^ 
at the node (called average pore point) between the 
straight line and the calibration curve is read and the 
value obtained is substituted to the following formula (X) 
equivalent to the empirical formula (11) described in the 
above-described publication, page 905, whereby the average 
pore size 4> B [A] is calculated. 
[Eq. 2] 

<^[A] = 0.62x(M m ) 059 [X] 
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[0046] 

The "average pore point" is used and defined by the 
present inventors • The average pore point means a point 
when assuming that the entire pore volume is 100%, the 
integrated volume from the minimum volume (a size where 
benzene is just fitted) reaches 50%. The above-described 
equation is used for converting the standard polystyrene- 
equivalent molecular weight into the diameter of a pore for 
allowing just fitting thereof. 

[0047] 

(3) Pellicular-type ion exchanger 

The pellicular-type ion exchanger is a particle 
obtained by coating the surface of a core particle with a 
latex having introduced thereinto an ion exchange group. 
Examples of the core particle include sulfonated 
polystyrene. 
[0048] 

The anion exchanger of the present invention suitably 
has a particle size of 1 to 30 urn, preferably from 2 to 
20 \m, and in the case of porous chemical bond-type ion 
exchanger, more preferably from 2 to 10 ^m. In the 
pellicular-type ion exchanger, the particle size of the 
resin is usually on the order of 5 t 15 urn. If the particle 
size of the anion exchanger exceeds 30 \m, the theoretical 
plate number of the column disadvantageously decreases, 
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whereas if the particle size is less than 1 nm, the column 
pressure excessively elevates and the packing becomes 
extremely difficult. 

In the present invention , the particle size is 
measured by a Coulter counter. 

[0049] 

(C) Column for ion chromatography 

The anion exchanger of the present invention is packed 
into a column for ion chromatography in accordance with a 
known packing method such as slurry method. The column 
according to the present invention has alkali resistance 
and is used as a high-sensitive column for suppressor- 
system ion chromatography. 

[0050] 

The column using the anion exchanger according to the 
present invention is stable against the eluent (e.g., a 
mixed solution of sodium carbonate and sodium 
hydrogencarbonate, a boric acid buffer, an aqueous sodium 
hydroxide solution, an aqueous potassium hydroxide 
solution) used in the suppressor-system ion chromatography. 
This column is useful for the use in combination with an 
alkaline eluent having a pH of 9 or more, more preferably 
from 9 to 13. Furthermore, this column is useful for the 
case where the column is used in combination with a 
hydroxide-type eluent containing hydroxide ion as anion. 
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[0051] 

(D) Method for measuring anions 

The method for measuring anions of the present 
invention can be performed in accordance with conventional 
suppressor-system ion chromatography. 

Even in the case of using a hydroxide-type eluent 
which must heretofore rely on the gradient method or a 
method using a high-concentration solution , since an 
isocratic condition at a constant concentration and an 
eluent in a low concentration of 20 mM or less can be used, 
a special measuring apparatus or a special adjustment of 
concentration can be dispensed with and at the same time, a 
high voltage needs not be applied to the suppressor, so 



W 

that the total measuring cost can be reduced. 
□ [0052] 



As such, when the column used for suppressor-system 
ion chromatography is packed with the anion exchanger of 
the present invention, good separation of main inorganic 
anions (e.g., phosphate ion, fluoride ion, chloride ion, 
nitrite ion, bromide ion, nitrate ion, sulfate ion) can be 
attained by appropriately selecting the concentration of 
the eluent not only in the case of using a carbonic acid- 
type eluent or a boric acid-type eluent but also when a 
hydroxide-type eluent is used. 
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[0053] 

The method for measuring anions according to the 
present invention can satisfactorily separate halogen oxide 
ions (e.g., bromate ion, chlorite ion, chlorate ion) 
simultaneously with main anions (e.g., phosphate ion, 
fluoride ion, chloride ion, nitrite ion, bromide ion, 
nitrate ion, sulfate ion). More specifically, even when the 
above-described ions are analyzed at the same time, the 
separation degree of chlorite ion and bromate ion and the 
separation degree of chlorate ion and bromide ion both can 
HJ be 1.5 or more in the measurement. In the case of 

I1J simultaneously analyzing halogen oxide ion, a suppressor 

t: 

I" 1 may or may not be used. 

m 

M [0054] 

(3 In the method for measuring anions according to the 

present invention, the eluent which can be used for the 
analysis of halogen oxide ions is not particularly limited 
and, needless to say about a carbonic acid buffer, a 
hydroxide- type eluent such as potassium hydroxide and 
sodium hydroxide may be used in the case of suppressor 
system. In the case of non-suppressor system, an eluent 
obtained by adjusting an organic acid such as p- 
hydroxybenzoic acid and phthalic acid to a pH in the region 
from weak acid to the vicinity of neutral may be used. 



- 35 - 



i-* 
a 
a 
ru 

ru 
•si 
.hj 

u 

0 



[0055] 

Accordingly, the method for measuring anions of the 
present invention is useful for the analysis of trace 
components in the environment, such as anions in air, water 
(e.g., river water, tap water, spa water, limnetic water, 
drainage) and soil extract solution; the analysis of food 
and fertilizer; analysis of anions in cosmetic starting 
materials; the analysis of anions in coating raw materials, 
coating material or surface treating solution; the analysis 
of ultrapure water, mixed acid, air, lead frame or wafer in 
the semiconductor field; the quality control in the 
pharmaceutical field; and the analysis of circulating water, 
cooling water or the like at the electric power plant. The 
method for measuring anions of the present invention is 
also useful for the analysis of water subjected to an 
advanced water purification treatment and containing 
halogen oxide ions as a by-product of the treatment. 
[0056] 
[Examples ] 

The present invention is described in greater detail 
below by referring to the Examples and Comparative Examples. 
These are mere exemplification and the present invention is 
by no means limited thereto. 
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[0057] 
(Example 1) 

A polyvinyl alcohol-type polymer produced by the 
following method was used as a substrate resin into which 
an anion exchange group is introduced. A uniformly mixed 
solution containing 100 g of vinyl acetate, 180 g of 
triallyl isocyanurate, 150 g of butyl acetate and 10 g of 
2,2-azobisisobutyronitrile, and 1,400 mL of water having 
dissolved therein a small amount of polyvinyl alcohol and 
sodium phosphate were charged into a 5 L- volume three-neck 
flask equipped with a reflux condenser and the resulting 
mixed solution was stirred for 10 minutes. Subsequently , 
while stirring under nitrogen stream, polymerization was 
performed at 60°C for 16 hours to obtain a particulate 
polymer. This polymer was filtrated, washed, extracted with 
acetone and then dried. 
[0058] 

The obtained polymer was charged together with 3 L of 
an aqueous IN sodium hydroxide solution (NaOH) into a 5 L- 
volume three-neck flask equipped with a reflux condenser, a 
nitrogen inlet tube and a stirrer, and saponified while 
stirring at 15°C for 20 hours under nitrogen stream. The 
resulting polymer was filtered, washed and dried. In the 
polyvinyl alcohol polymer obtained by the saponification, 
the density of hydroxyl group was 2.1 meq/g. Using this as 
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a substrate , an anion exchanger was manufactured according 
to the following procedure. 
[0059] 

Into a 1 L-volume three-neck flask equipped with a 

nitrogen inlet tube and a stirrer, 100 g of the dry polymer 

obtained above, 300 g of 1,4-butanediol diglycidyl ether 

(hereinafter simply referred to as " 1 , 4-BGE" ) , 300 mL of 

dimethyl sulfoxide and 65 mL of an aqueous 30 wt% sodium 

13 hydroxide solution were charged. The resulting mixture was 

W stirred at 35°C for 12 hours under nitrogen stream to 

!«<■ 

I1J introduce a glycidyl group-containing group into the 

Hi polymer substrate. After the introduction, the polymer was 

washed with dimethyl sulfoxide and water and then dried by 

I1J 

|=fc a vacuum dryer. The mass of the dried polymer was 110 g, 

'15 

q thus, the increment from the original substrate was 10%. 

[0060] 

Into a 1 L-volume three-neck flask equipped with a 
nitrogen inlet tube and a stirrer, 100 g of the polymer 
having introduced thereinto a glycidyl group-containing 
group, 4 g of 1-methylpiperidine and 500 mL of water were 
charged. The resulting solution was stirred at 40°C for 1 
hour to introduce a tertiary heterocyclic amine , thereby 
manufacturing an anion exchanger. This anion exchanger was 
washed with IN hydrochloric acid and an aqueous IN sodium 
hydroxide solution while allowing an intervention of water 
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washing* Thereafter , the anion exchanger was immersed in an 
aqueous IN sodium hydroxide solution and treated at 60°C for 
5 hours , followed by water washing and drying. The thus- 
obtained anion exchanger had an average particle size of 
5 \*m and an ion exchange capacity of about 20 ^eq/g. 
[0061] 

The anion exchanger obtained above was packed into a 

polyether ether ketone resin (PEEK) -made column having an 

13 inside diameter of 4.0 mm and a length of 250 mm to prepare 

13 

HJ an anion exchange column. Using DX-320 (manufactured by 

j.i. 

W Dionex Corporation) equipped with a suppressor as the ion 

IIJ chromatograph f 25 \il of an aqueous solution containing 

1*1 2 mg/L of F", 3 mg/L of CI', 5 mg/L of N0 2 *, 10 mg/L of Br", 

\X 10 mg/L of N0 3 ~, 15 mg/L of S0 4 2_ and 15 mg/L of P0 4 3 ~ was 

q injected as a standard solution into the ion chromatograph 

id 

while flowing an aqueous 15 mM sodium hydroxide solution as 
the eluent at 1.0 ml/min at a column temperature of 35°C. 
Fig. 2 shows the chromatogram obtained. 

[0062] 
Example 2 : 

Into the polyvinyl alcohol-type substrate resin 
prepared as a substrate in Example 1, 1,4-BGE was 
introduced according to the same formulation as in Example 
1. 

Into a 1 L-volume three-neck flask equipped with a 
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nitrogen inlet tube and a atirrer, 100 g of the polymer 

having introduced thereinto a glycidyl group-containing 
group, 1 g of 1-methylpyrrolidine and 500 mL of water were 
charged. The resulting solution was stirred at 40°C for 1 
hour to introduce a tertiary heterocyclic amine, thereby 
manufacturing an anion exchanger. This anion exchanger was 
washed with IN hydrochloric acid and an aqueous IN sodium 
j t hydroxide solution while allowing an intervention of water 

S washing. Thereafter, the anion exchanger was immersed in an 

J; aqueous IN sodium hydroxide solution and treated at 60°C for 

HJ 5 hours, followed by water washing and drying. The thus- 

M obtained anion exchanger had an average particle size of 

ii 

I-* 5 tun and an ion exchange capacity of about 20 neq/g. 

11 J 

!»»■ The anion exchanger obtained above was packed into the 

& 

O same column as in Example 1 and measured in the same manner 

as in Example 1 . 

[0063] 
Example 3 : 

Into the polyvinyl alcohol-type substrate resin 
prepared as a substrate in Example 1, 1,4-BGE was 
introduced according to the same formulation as in Example 
1. 

Into a 1 L-volume three-neck flask equipped with a 
nitrogen inlet tube and a stirrer, 100 g of the polymer 
having introduced thereinto a glycidyl group-containing 
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group, 10 g of pyridine and 500 mL of water were charged. 
The resulting solution was stirred at 40°C for 1 hour to 
introduce a tertiary heterocyclic amine , thereby 
manufacturing an anion exchanger. This anion exchanger was 
washed with IN hydrochloric acid and an aqueous IN sodium 
hydroxide solution while allowing an intervention of water 
washing. Thereafter , the anion exchanger was immersed in an 
aqueous IN sodium hydroxide solution and treated at 60°C for 
5 hours, followed by water washing and drying. The thus- 
obtained anion exchanger had an average particle size of 
5 nm and an ion exchange capacity of about 20 jieq/g. 



13 
13 

m 

M 

IV The anion exchanger obtained above was packed into the 



I- 1 same column as in Example 1 and measured in the same manner 
Pi 

I** as in Example 1 . 
□ [0064] 



Comparative Example 1 : 

Into the polyvinyl alcohol-type substrate resin 
prepared as a substrate in Example 1, 1,4-BGE was 

introduced according to the same formulation as in Example 

1. 

Into a 1 L-volume three-neck flask equipped with a 
nitrogen inlet tube and a stirrer, 100 g of the polymer 
having introduced thereinto a glycidyl group-containing 
group, 75 mL of a 1% aqueous trimethylamine solution and 
500 mL of water were charged. The resulting solution was 
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stirred at 40°C for 1 hour to introduce an aliphatic 
tertiary amine, thereby manufacturing an anion exchanger. 
This anion exchanger was washed with IN hydrochloric acid 
and an aqueous IN sodium hydroxide solution while allowing 
an Intervention of water washing. Thereafter, the anion 
exchanger was immersed in an aqueous IN sodium hydroxide 
solution and treated at 60°C for 5 hours, followed by water 
washing and drying. The thus-obtained anion exchanger had 
an average particle size of 5 nm and an ion exchange 
J]^ capacity of about 20 \ieq/q. 

; , The anion exchanger obtained above was packed into the 

same column as in Example 1 and measured in the same manner 

I! 

j'* as in Example 1 . 

I-* 1 [0065] 

!? 

O Comparative Example 2 : 

Into the polyvinyl alcohol-type substrate resin 
prepared as a substrate in Example 1, 1,4-BGE was 
introduced according to the same formulation as in Example 
1. 

Into a 1 L-volume three-neck flask equipped with a 
nitrogen inlet tube and a stirrer, 100 g of the polymer 
having introduced thereinto a glycidyl group-containing 
group, 150 mL of a 1% aqueous triethylamine solution and 
500 mL of water were charged. The resulting solution was 
stirred at 40°C for 1 hour to introduce an aliphatic 
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tertiary amine, thereby manufacturing an anion exchanger. 
This anion exchanger was washed with IN hydrochloric acid 
and an aqueous IN sodium hydroxide solution while allowing 
an intervention of water washing. Thereafter, the anion 
exchanger was immersed in an aqueous IN sodium hydroxide 
solution and treated at 60°C for 5 hours, followed by water 
washing and drying. The thus-obtained anion exchanger had 
an average particle size of 5 \xm and an ion exchange 
capacity of about 20 fieq/g. 

The anion exchanger obtained above was packed into the 
same column as in Example 1 and measured in the same manner 
as in Example 1 . 

[0066] 
Example 4 : 

A styrene/divinylbenzene-type resin produced by the 
following method was used as a substrate resin into which 
an ion exchange group is introduced. A uniformly mixed 
solution containing 105 g of 4-acetoxystyrene, 70 g of m- 
divinylbenzene, 7 5 g of toluene and 3.5 g of 2,2- 
azobisisobutylonitrile were suspended in 1,250 mL of water 
having dissolved therein 10% polyvinyl alcohol and 
homogenized. Subsequently, the homogenized solution was 
transferred to a 2 L-volume separable flask and polymerized 
at 70°C for 6 hours to obtain a particulate polymer. This 
polymer was filtrated, washed with water and acetone, air- 



dried and then classified by air separation to obtain 
particles of 3 to 6 fun. 

In 1,500 mL of methanol, 150 g of the dry polymer 
obtained above was suspended r a solution obtained by 
dissolving 150 g of KOH in 1,500 mL of a 50% methanol 
solution was added thereto, and the polymer solution was 
stirred and thereby saponified at 50°C for 6 hours. The 

I fc resulting polymer was washed with water and acetone and 

j:^ then dried to recover 135 g of the polymer. 

jJJ [0067] 

NJ Into a 2 L-volume three-neck flask equipped with a 

I* nitrogen inlet tube and a stirrer, 100 g of the dry polymer 

^ obtained above, 400 g of 1,4-BGE, 300 mL of dimethyl 

IlJ 

sulfoxide and 65 mL of water were charged. The resulting 
□ mixture was stirred at 35°C for 16 hours under nitrogen 

stream to introduce a glycidyl group-containing group into 
the polymer substrate. After the introduction, the polymer 
was washed with dimethyl sulfoxide and water, and then 
dried by a vacuum dryer. The mass of the dried polymer was 
105 g, thus, the increment from the original substrate was 
5%. 

[0068] 

Into a 1 L-volume three-neck flask equipped with a 
nitrogen inlet tube and a stirrer, 100 g of the polymer 
having introduced thereinto a glycidyl group-containing 
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group, 8 g of 1-methylpiperidine and 500 mL of water were 
charged. The resulting solution was stirred at 40°C for 4 
hours to introduce a tertiary heterocyclic amine, thereby 
manufacturing an anion exchanger. This anion exchanger was 
washed according to the same formulation as in Example 1 to 
obtain an anion exchanger. 

The anion exchanger obtained above was packed into the 
same column as in Example 1 and measured in the same manner 
£2 as in Example 1. 

a 

W [0069] 

Hi Comparative Example 3: 

I1J Using a column (a pellicular-type ion exchanger having 

I: 

introduced thereinto a tertiary alkanolamine) commercially 

!U 

i** available at present as a column for a hydroxide-type 

j;j eluent, the measurement was performed in the same manner as 

in Example 1 . 
[0070] 

Evaluation: 

As for Examples 1 to 4 and Comparative Examples 1 to 3, 
the kind of tertiary amine introduced, the difference in 
the retention time between the fluoride ion and the water 
dip, the separation degree of chloride ion and nitrite ion, 
and the retention time of phosphate ion are shown in Table 
1. The difference in the retention time between fluoride 
ion and water dip was determined by using respective peaks 
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as the retention time. The separation degree R of chloride 
ion and nitrite ion was determined according to the 
following formula: 

[0071] 
[Eq. 3] 

R=2x(t,-t l )/(w l +w 2 ) 
wherein t, and t 2 represent respective retention times and 
Wj and w 2 represent respective peak widths . 



[0072] 
[Table 1] 





Tertiary 
Amine 
Introduced 


Difference in 
Retention Time 
between 
Fluoride Ion 
and Water Dip 
(min) 


Separation 
Degree of 
Chloride Ion 
and Nitrite 
Ion (R) 


Retention 

Time of 
Phosphate 
Ion (min) 


Example 1 


1 -methyl - 
piperidine 


1.00 


5.2 


15.6 


Example 2 


1 -methyl - 
pyrrolidine 


0.95 


5.0 


15.2 


Example 3 


pyridine 


0.90 


5.0 


15.8 


Example 4 


1 -methyl - 
piperidine 


0.85 


5.5 


19.6 


Comparative 
Example 1 


alkanolamine 


immeasurable 
due to 
overlapping of 
peaks 


1.8 


34 . 0 


Comparative 
Example 2 


trimethyl- 
amine 


0.79 


3.4 


16.0 


Comparative 
Example 3 


triethyl- 
amine 


0.68 


3.2 


14.1 



[0073] 

in the case of the column used in Comparative Example 



1, which is commercially available at present, the 

retention time of phosphate ion is extremely redundant and 
30 minutes or more, nevertheless, the fluoride ion is 
partially overlapped with water dip and moreover, the 
separation of chloride ion and sulfite ion is not satisfied • 
On the other hand, in the case of the column for 
suppressor-system ion chromatography using the anion 
exchanger manufactured in Examples 1, 2 and 3 by 
j3 introducing a tertiary heterocyclic amine according to the 

j« present invention, even when the retention time of 

pj phosphate ion which is difficult to elute is set to 14 to 

!U 16 minutes, the fluoride ion can be satisfactorily 

separated from water dip and at the same time, the 

ili 

M separation of chloride ion and nitrite ion can be 

O satisfactorily attained. This reveals significant 

improvement as compared with anion exchangers of 
Comparative Examples 2 and 3 where an acyclic tertiary 
amine was introduced. Furthermore, as seen from Example 4, 
the substrate resin is not limited to the polyvinyl 
alcohol-type resin but the introduction of a heterocyclic 
amine is effective also for other resins. 

[0074] 
Example 5 : 

A polyvinyl alcohol-type polymer produced by the 
following method was used as a substrate resin into which 
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an ion exchange group is introduced. A uniformly mixed 
solution comprising 100 g of vinyl acetate, 180 g of 
triallyl isocyanurate, 150 g of butyl acetate and 10 g of 
2,2-asobisisobutylonitrile, and 1,400 mL of water having 
dissolved therein a small amount of polyvinyl alcohol and 
sodium phosphate were charged into a 5 L- volume three-neck 
flask equipped with a reflux condenser and the resulting 
mixed solution was stirred for 10 minutes. Subsequently, 
O while stirring under nitrogen stream, polymerization was 

HJ performed at 60°C for 16 hours to obtain a particulate 
hi 

I1J polymer. This polymer was filtrated, washed, extracted with 

llj acetone and then dried. 

|-k [0075] 

llj 

j.t The obtained polymer was charged together with 3 L of 



>I3 



an aqueous IN sodium hydroxide (NaOH) solution into a 5 L- 
volume three-neck flask equipped with a reflux condenser, a 
nitrogen inlet tube and a stirrer, and saponified while 
stirring at 15°C for 20 hours under nitrogen stream. The 
resulting polymer was filtered, washed and dried. In the 
polyvinyl alcohol copolymer obtained by the saponification, 
the density of hydroxyl group was 2.1 meq/g. Using this as 
a substrate, an anion exchanger was manufactured according 
to the following procedure. 
[0076] 

Into 1 L-volume three-neck flask equipped with a 
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• 



nitrogen inlet tube and a stirrer / 100 g of the dry polymer 
obtained above, 300 g of 1,4-BGE, 300 mL of dimethyl 
sulfoxide and 65 mL of an aqueous 30 wt% sodium hydroxide 
were charged. The resulting mixture was stirred at 35°C for 
12 hours under nitrogen stream to introduce a glycidyl 
group-containing group into the polymer substrate. After 
the introduction , the polymer was washed with dimethyl 
sulfoxide and water , and then dried by a vacuum dryer. The 

i* fc 

O mass of the dried polymer was 110 g, thus, the increment 

W from the original substrate was 10%. 

I" 

Hi [0077] 

vj 

!1J Into a 1 L-volume three-neck flask equipped with a 

n 

M nitrogen inlet tube and a stirrer, 100 g of the polymer 

m 

having introduced thereinto a glycidyl group-containing 

q group, 5 g of 1-methylpiperidine and 500 mL of water were 

ill 

charged. The resulting solution was stirred at 40°C for 2 
hours to introduce a tertiary heterocyclic amine, thereby 
manufacturing an anion exchanger. This anion exchanger was 
washed with IN hydrochloric acid and an aqueous IN sodium 
hydroxide solution while allowing an intervention of water 
washing. Thereafter, the anion exchanger was immersed in an 
aqueous IN sodium hydroxide solution and treated at 100°C 
for 20 hours, followed by water washing and drying. The 
thus-obtained anion exchanger had an average particle size 
of 5 nm and an ion exchange capacity of about 3 0 ^eq/g. 



- 49 - 



[0078] 

The anion exchanger obtained above was packed into a 
polyether ether ketone resin (PEEK) -made column having an 
inside diameter of 4.0 mm and a length of 250 mm to prepare 
an anion exchange column. Using 761 Compact IC 
(manufactured by Metrohm Ltd.) equipped with a suppressor 
as the ion chromatograph, 20 \il of an aqueous solution 
containing 2 mg/L of F~, 10 mg/L of C10 2 ", 10 mg/L of Br0 3 ", 
□ 3 mg/L of CI", 5 mg/L of N0 2 ~, 10 mg/L of C10 3 ~, 10 mg/L of 

I1J Br", 10 mg/L of NO a ~, 15 mg/L of S0 4 2 " and 15 mg/L of P0 4 3 ~ was 

HJ injected as a standard solution into the ion chromatograph 

M 

|1J while flowing an aqueous 3 mM sodium carbonate solution as 

I: 

j.i the eluent at 0.7 ml/min at a column temperature of 25°C. 

W 

Fig. 3 shows the chromatogram obtaxned. 

if] 

CJ [0079] 
Example 6 : 

Into the polyvinyl alcohol-type substrate resin 
prepared as a substrate in Example 1, 1,4-BGE was 
introduced according to the same formulation as in Example 
1. 

Into a 1 L-volume three-neck flask equipped with a 
nitrogen inlet tube and a stirrer, 100 g of the polymer 
having introduced thereinto a glycidyl group-containing 
group, 1.5 g of 1-methylpyrrolidine and 500 mL of water 
were charged. The resulting solution was stirred at 40°C 
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for 2 hour to introduce a tertiary heterocyclic amine, 

thereby manufacturing an anion exchanger. This anion 

exchanger was washed with IN hydrochloric acid and an 

aqueous IN sodium hydroxide solution while allowing an 

intervention of water washing. Thereafter, the anion 

exchanger was immersed in an aqueous IN sodium hydroxide 

solution and treated at 100°C for 20 hours, followed by 

water washing and drying. The thus-obtained anion exchanger 

O had an average particle size of 5 and an ion exchange 
O 

11J capacity of about 30 jieq/g. 

Wl The anion exchanger obtained above was packed into the 

|1 j same column as in Example 5 and measured xn the same manner 

ii 

|»l as in Example 1 . 

i-s. [0080] 

m Comparative Examples 4: 

'* b Into the polyvinyl alcohol-type substrate resin 

prepared as a substrate in Example 1, 1,4-BGE was 
introduced according to the same formulation as in Example 
1. 

Into a 1 L-volume three-neck flask equipped with a 
nitrogen inlet tube and a stirrer, 100 g of the polymer 
having introduced thereinto a glycidyl group-containing 
group, 100 mL of a 1% aqueous trimethylamine solution and 
500 mL of water were charged. The resulting solution was 
stirred at 40°C for 2 hour to introduce an aliphatic 
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tertiary amine, thereby manufacturing an anion exchanger. 

This anion exchanger was washed with IN hydrochloric acid 

and an aqueous IN sodium hydroxide solution while allowing 

an intervention of water washing. Thereafter, the anion 

exchanger was immersed in an aqueous IN sodium hydroxide 

solution and treated at 100°C for 20 hours, followed by 

water washing and drying. The thus-obtained anion exchanger 

had an average particle size of 5 ^m and an ion exchange 

O capacity of about 30 \ieq/q. 
i«3 

HJ The anion exchanger obtained above was packed into the 

flJ same column as in Example 5 and measured in the same manner 

I1J as in Example 1 . 
M [0081] 

I1J 

Evaluation: 

□ As for Examples 5 and 6 and Comparative Example 4 , the 

M 

kind of tertiary amine introduced, the separation degree of 
chlorite ion and bromate ion, the separation degree of 
chlorate ion and bromide ion, and the retention time of 
sulfate ion are shown in Table 2. The retention time of 
sulfate ion is shown to verify that three columns can be 
properly evaluated by agreeing the elution position of 
sulfate ion which is largest in the retention time. The 
degree R was determined according to the following formula: 
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[0082] 
[Eq. 4] 

R=2x(t,-t 1 )/(w l +w 2 ) 
wherein w, and w } represent respective peak widths, and t l 
and t, represent respective retention times. 

The separation degree R is preferably 1.5 or more. 



[0083] 
[Table 2] 





Tertiary 
Amine 
Introduced 


Separation 
Degree of 
Chlorite Ion 
and Bromate 
Ion (min) 


Separation 
Degree of 
Chlorate Ion 
and Bromide 
Ion (R) 


Retention 
Time of 
Sulfate 

Ion (min) 


Example 5 


1 -methyl - 
piperidine 


1.72 ! 


2.11 


25.2 


Example 6 


1 -methyl- 
pyrrolidine 


1.74 


1.55 


25.5 


Comparative 
Example 4 


trimethyl- 
amine 


1.58 


0.80 


25.8 



[0084] 



In the case of the conventional column for suppressor- 
system ion chromatography prepared in Comparative Example 4 
where an anion exchanger manufactured by introducing a 
tertiary alkyl amine is used, the separation degree of 
chlorate ion and bromide ion was insufficiently 1.5 or less, 
whereas in the case of the column for suppressor-system ion 
chromatography according to the present invention prepared 
in Examples 5 and 6 where an anion exchanger manufactured 
by introducing a tertiary heterocyclic amine is used, the 



- 53 - 



separation degree of chlorite ion and bromate ion and the 
separation degree of chlorate ion and bromide ion both are 
1.5 or more and from this, it is understood that 
satisfactory separation can bo attained. This reveals a 
Significant improvement as compared with the anion 
exchanger manufactured by introducing an acyclic tertiary 
alkylamine in Comparative Example 4. 
[0085] 

Fig. 3 shows a chromatogram of the analysis using the 
column produced in Example 5. It is seen that the fluoride 
ion can be satisfactorily separated from the water dip (a 
negative peak generated due to water in the sample), the 
carbonic acid dip can be separated from other ion peaks, 
and excellent properties of the porous chemical bond-type 
anion exchanger derived from a polyvinyl alcohol-type 
substrate can be reflected. 

In this Example, a carbonic acid buffer was used as 
the eluent but the eluent which can be used for the 
analysis of halogen oxide ion is not limited thereto. 
[0086] 

[Effects of the Invention] 

The column for suppressor-system ion chromatography 
packed with the anion exchanger of the present invention 
can reduce the elution time of phosphate ion to 20 minutes 
or less under an isocratic condition using a hydroxide- type 
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iu 
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eluent having a low concentration of 20 mM or less, can 
satisfactorily separate the fluoride ion which is difficult 
to hold, from a water dip and can satisfactorily separate 
chloride ion and nitrite ion, so that in the analysis using 
the above-described eluent, the measuring time can be 
shortened and the life of continuous regeneration-type ion 
exchange membrane suppressor can be prolonged. 



The column for ion chromatography packed with the 
anion exchanger of the present invention can analyze the 
halogen oxide ions such as bromate ion, chlorite ion and 
chlorate ion, simultaneously with seven kinds of standard 
inorganic anions. 

Accordingly, the present invention is useful in the 
field over a wide range, such as environment, food, 
agriculture, cosmetics, coating material, semiconductor, 
medical preparation and electric power. The present 
invention is particularly useful for the analysis of 
several ppb of nitrite ion in the presence of a dozen of 
ppm of chloride ion in tap water or the like or for the 
analysis of water containing halogen oxide ion generated as 
a by-product, for example, water subjected to advanced 
water purification. 
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[0088] 

[BRIEF DESCRIPTION OF THE DRAWINGS] 
[Fig. 1] 

Fig. 1 is a schematic view showing a fundamental 
structure of ion chromatography. 
[Fig. 2] 

Fig. 2 shows a chromatogram sampled by injecting a 
test aqueous solution containing seven kinds of standard 
i:j ions into a separation column prepared by packing the ion 

a 

|1j exchanger of the present invention obtained in Example 1 . 

|.i 

IV [Fig. 3] 

-j 

|lj Fig. 3 shows a chromatogram when halogen oxide ion is 

ii 

|.t analyzed simultaneously with seven kinds of inorganic 

hi 

anions by the measuring method of the present invention, 
|5 obtained in Example 5 . 

l *' h [0089] 

[Description of Numerical References] 

1 peak of fluoride ion 

2 peak of chlorite ion 

3 peak of bromate ion 

4 peak of chloride ion 

5 peak of nitrite ion 

6 peak of chlorate ion 

7 peak of bromide ion 

8 peak of nitrate ion 
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9 peak of phosphate ion 

10 peak of sulfate ion 
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This application is based on Japanese Patent Application Nos. P2000-3 86002 and P2001- 
133064 filed December 19, 2000 and April 27, 2001, respectively, the disclosures of which are 
incorporated herein by reference in their entirety. 
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What is claimed is: . 

1. A porous polymer particle comprising an alkali-resistant polymer substrate having 
bonded thereto through a spacer a nitrogen-containing heterocyclic group containing a 
quaternary ammonium structure. 



a 
a 

w 

ru 

-J 



hi- 
ru 



120 



ABSTRACT 

A porous polymer particle includes an alkali-resistant polymer substrate having bonded 
thereto through a spacer a nitrogen-containing heterocyclic group containing a quaternary 
ammonium structure. 
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